Objectives To determine epidemiological characteristics of palpability as a feature of asymptomatic invasive breast cancers detected through screening mammography, and to determine whether palpability is predictive of case survival after adjusting for conventional prognostic indicators such as diameter, grade and nodal status. Setting . Methods Sociodemographic and clinical characteristics of 2108 screen-detected invasive breast cancers were compared by tumour palpability using univariate and multiple logistic regression analysis. Survival outcomes from breast cancer were compared using Kaplan-Meier product-limit estimates. Multivariable proportional hazard regression was employed to assess the association of palpability with survival after adjusting for conventional prognostic indicators.
INTRODUCTION
A n increasing proportion of female-breast cancers are being detected through screening mammography in western societies. 1 In South Australia, 30% of invasive breast cancers diagnosed in 2001 were asymptomatic and found through population screening. 2 Almost two-thirds of them were impalpable.
Compared with impalpable breast cancers, palpable lesions are reported to show less diffuse growth patterns, higher proliferative activity, more nuclear abnormalities, a greater metastatic potential and a worse prognosis. 3 Conventional prognostic indicators also point to a poorer prognosis of palpable lesions, in that these tend to be larger, of higher grade, and with nodal involvement. [4] [5] [6] [7] [8] [9] [10] Breast cancers are reported to be palpable more frequently in younger than in older women. [4] [5] [6] [7] We have investigated the epidemiological and prognostic features of palpability as a characteristic of asymptomatic invasive cancers detected through screening mammography. In particular, we have assessed whether palpability is predictive of survival after adjusting for conventional prognostic indicators such as nodal status, diameter and grade.
Prognostic features of screen-detected cancers are assuming increased importance as increasing proportions of tumours are found through screening. Prior research has suggested that variation in outcomes of screen-detected cancers is not completely explained by the conventional prognostic indicators used for symptomatic cancers. 11 Our research question is whether palpability explains some of the remaining variation.
METHODS

Data collection
Our data source was the South Australian public screening mammography service ('BreastScreen SA'), which provided a de-identified file of all asymptomatic invasive cancers screen-detected between 1990 and 2001 (n ¼ 2108), with approval from the Human Research Ethics Committee of the State Health Department.
Women with radiological abnormalities detected through screening mammography, which required further investigation, were recalled to a central multidisciplinary assessment clinic for further assessment. They were examined by a breast clinician and a breast surgeon, who recorded whether the abnormality was palpable or not. The method of assessment and staff involved were comparable throughout the study period.
Other data items included the following: diameter (as indicated in the microscopic section of the pathology report); histological type; Bloom and Richardson grade, as modified by Elston and Ellis; focality (unifocal or multifocal) and whether an extensive in situ component (EIC) was present or absent (available since 1997 only). [11] [12] [13] [14] EIC was defined as an extensive in situ component (i.e. extensive ductal carcinoma in situ [DCIS]) within the invasive cancer, occupying 25% or more of the tumour mass, and the presence of DCIS outside the main tumour mass. 15 All women had an axillary dissection, with clearance of nodes from levels 1 and 2 of the axilla as a minimum, enabling assessment of nodal status. 11 In addition, other data items recorded included sociodemographic characteristics such as age at diagnosis, place of residence (expressed as 20 Statistical Sub-divisions, 12 and more broadly as metropolitan [State capital] or nonmetropolitan), country of birth (expressed as Australia; United Kingdom/Ireland; Southern Europe -mostly Italy, Greece, Malta, former Yugoslavian states, or other -or another country), race (expressed as Caucasian, Aboriginal, Asian or other), and calendar year of diagnosis. 12 Socioeconomic status was inferred from the characteristics of residential postcodes, using the Socio-Economic Index for Areas (SEIFA) expressed as four ordinal categories. 16 These postcode characteristics included income levels, educational status, and proportions of residents in skilled occupations.
Data completeness was 100% for all sociodemographic variables on our file, and for histological type and nodal status, whereas it was 99.7% for the presence of multifocal disease, 96.3% for tumour diameter and 90.8% for grade.
Statistical methods
Analyses were undertaken with STATA 8.0. software. 17 Univariate predictors of palpable as opposed to non-palpable lesions were investigated using the Pearson w 2 for nominal and binary variables (substituting the Fisher exact test where cells of tables had expected values of less than 5) and the w 2 -test for trend for variables distributed on an ordinal or continuous scale. 17, 18 Multiple logistic regression was also undertaken, with palpability as the outcome variable. 17, 18 All person and tumour variables were entered as predictors, with backward elimination of those whose elimination did not reduce model fit (P>0.050 for change in w 2 goodness-of-fit). Model requirements, including co-linearity assumptions, were tested and found to have been satisfied. 17, 18 Model 'goodness-of-fit' was checked by comparing observed values with estimated probabilities across 10 quantiles, as described by Hosmer and Lemeshow. 17 Disease-specific Kaplan-Meier product-limit estimates also were calculated to indicate survival outcomes. 17, 18 Cases dying of other causes before the date of censoring of live cases (31 December 2002) were censored at date of death. Disease-specific survival was preferred to relative survival because separate research showed that screening participation varied by race, country of birth and place of residence, such that risks of death from competing causes could not be assumed to equate with population norms (a necessary assumption for relative survival). 19 An earlier population-based study had indicated that five-year survival rates from female-breast cancer were very similar in South Australia, irrespective of the method used (i.e. 79% in 1987-95 for relative survival and 78% for the Kaplan-Meier estimate). 20 The relative risk of case fatality (the converse of diseasespecific survival) was also investigated using Cox's multivariable proportional hazard regression, and employing the same censoring criteria as for the Kaplan-Meier analyses. 17, 18 All variables were entered, with backward elimination, as described for the multiple logistic regression.
Model requirements, including co-linearity and proportionality assumptions, were tested and found to have been satisfied. 17, 18 Finally, proportional hazard regression was repeated: first by entering palpability as the only predictor (model 1); then palpability and nodal status (model 2); then palpability, nodal status and diameter (model 3) and finally palpability, nodal status, diameter and grade (model 4). The aim was to assess the independent predictive contribution of palpability in the presence of these conventional prognostic indicators.
RESULTS
Predictors of palpability
Univariate analyses
Predictors of palpability included an earlier calendar year of diagnosis, with the proportion of tumours that were palpable decreasing from 49.3% in 1990-92 to 38.5% in 1999-2001, whereas place of residence (metropolitan/nonmetropolitan) and socioeconomic status were not predictive (Table 1) . Similarly, associations were not observed between palpability and statistical sub-division of residence (P ¼ 0.878) or race (P ¼ 0.315).
Tumour characteristics predictive of palpability included tumour diameter ( Table 2 ). The proportion of tumours that were palpable increased with tumour diameter from 15.5% for under 10 mm to 36.1% for 10-14 mm, 61.5% for 15-19 mm and 78.4% for 20 mm or more.
Other characteristics predictive of palpability included the following: histological type ('other', lobular and ductal lesions were more likely to be palpable than mucinous and [more so] tubular lesions); higher grade; nodal involvement; and evidence of multifocal disease ( Table 2) . Presence of EIC was not a significant predictor (P ¼ 0.730).
Multivariable analyses
Multiple logistic regression indicated that key predictors of palpability were a ductal as opposed to another histological type, larger diameter, higher grade, nodal involvement and Similarly, if socioeconomic status was retained, the fit did not increase significantly (P ¼ 0.759), with the relative odds of palpability varying by socioeconomic status from 0.95 (0.70, 1.29) for mid-low to 1.10 (0.81, 1.48) for mid-high and 1.09 (0.83, 1.44) for high, when compared with low socioeconomic status as the reference category.
Predictors of survival
Survival functions varied between palpable and nonpalpable lesions, with lower survivals applying for palpable lesions (P ¼ 0.007). At 10 years from diagnosis, survival still tended to be lower for palpable than for non-palpable lesions at 90.1% (SE71.5) compared with 93.7% (SE71.4).
Multivariable proportional hazard regression indicated that the key predictors of death from breast cancer were nodal involvement, larger tumour diameter, and higher grade. The model indicated that relative risks (95% confidence limits) increased as follows:
with nodal involvement to 2. 14 Palpability was not a significant predictor (P ¼ 0.551) when retained with these predictors in the model, nor was the fit of the model improved significantly (P ¼ 0.218).
When palpability was entered into the regression analysis as the only predictor of death, it was highly predictive, with a relative risk (95% confidence limits) of 1.75 (1.12, 2.74). When nodal status was added, the relative risk reduced to 1.38 (0.87, 2.19), and when diameter was also added, it reduced to 0.99 (0.60, 1.64) ( Table 4 ). Adding grade led to a further reduction in relative risk to 0.86 (0.52, 1.42).
DISCUSSION
Results confirm observations in earlier studies that among invasive cancers of the female breast, palpable lesions have more nodal involvement, larger diameters and higher grades than non-palpable lesions. [4] [5] [6] [7] [8] [9] [10] A majority of tumours with diameters of 15 mm or more were found to be palpable and this proportion approximated four-fifths for tumours with diameters of 20-29 mm or larger. Nodal involvement, diameter and grade fully explained the higher case fatality rates associated with palpable lesions in this study.
Although prior evidence pointed to other characteristics of palpable tumours that might predispose to poorer outcomes, such as higher proliferative activity and more nuclear abnormalities, 3 palpable tumours were not associated with higher case fatalities in this study after adjusting for nodal status and tumour size. Indeed, a non-significantly lower risk of death was suggested, after adjusting for grade in addition to nodal involvement and tumour size.
These results related to asymptomatic cancers detected through a screening mammography service where tumours generally were found early. It is possible that different findings might apply for tumours in other clinical settings. After adjusting for nodal status, tumour size and grade, ductal cancers were more likely to be palpable than other histology types. Earlier research has indicated that ductal lesions are less likely to have diffuse growth patterns than lobular cancers. 21 There was a higher proportion of palpable tumours among cancers found in earlier than in later years. The screening programme was launched in 1991, after a two-year pilot period, and the proportion of women having repeat screens has increased progressively. 19, 22 It is likely that repeat screening would predispose to find tumours early before these became palpable.
Our analyses confirmed earlier results that tumours in younger women are more likely to be palpable. [4] [5] [6] [7] Previous investigators have reported a higher proportion of palpable tumours in pre-menopausal women, 4 which is consistent with our results of increased palpability in the 40-49-year age range.
CONCLUSIONS
Around 40% of the screen-detected invasive breast cancers detected in this screening service were palpable. A secular reduction has been observed in the proportion that was palpable. Palpable tumours tended more to be of ductal type, with nodal involvement, larger diameters and a higher grade. Palpable tumours were associated with a higher case fatality, but this was fully explained by associations of palpability with nodal involvement and tumour size. 
